Recently acquired field isolates and archived isolates from our collection of Pasteurella multocida were analyzed for production of dermonecrotic toxin. Detection of the toxin was carried out using a fetal lung feline (FLF) cell line and a commercial enzyme-linked immunosorbent assay (ELISA) kit. The dermonecrotic toxin gene (ToxA) was also detected using a polymerase chain reaction (PCR) technique. Results from the 3 methods were compared. Field isolates (group 1) came from a commercial herd that had clinical signs of atrophic rhinitis. Fifty-six (17.9%) strains were isolated from 312 nasal swabs. Thirty-five of these strains belonged to serotype A and the rest (21/56), although probably serotype D, were not characterized further. All of these strains were toxin negative based on both the ELISA and FLF cell culture results. Five isolates gave faint bands in the PCR reaction, and the rest (51/56) were PCR negative. PCR and ELISA were also performed from the initial swab cultures (mixed cultures); 7 samples gave faint PCR bands, but ELISA results were all negative. Archived strains (group 2) had been isolated from clinical cases of atrophic rhinitis and from cases of pulmonary pasteurellosis. A total of 76 strains were analyzed; 46 were serotype A, and the rest (30) were serotype D. ELISA and FLF cell culture tests were negative for all serotype A strains; however, 3 strains showed faint bands in the PCR reaction. Fourteen serotype D strains showed positive results in both the ELISA and the FLF cell culture tests. PCR from these samples also gave positive results showing a strong band in the gel. However, 4 strains that were ELISA and FLF cell culture negative showed a faint band in the PCR reaction. The 3 methods gave similar results in the detection of the P. multocida dermonecrotic toxin. However, complete agreement among the tests was achieved only when strong PCR bands were considered positive. This is the first report that demostrates the use of FLF cell line for the detection of toxigenic P. multocida.
Pasteurella multocida is a common commensal and pathogen of the respiratory tract of animals. In swine, toxigenic strains (both capsular types A and D) are most often associated with atrophic rhinitis (AR), whereas type A strains alone are commonly associated with pneumonia, pleuritis, or abscessation. 31 AR is a major respiratory disease in pigs that causes severe economic losses to the pig industry. Bordetella bronchiseptica and P. multocida strains that produce dermonecrotic toxin (DNT) are recognized as etiologic agents of this disease. These P. multocida strains synthesize a 145-kD toxin encoded by the chromosomal ToxA gene. The ToxA protein is an essential virulence factor for progressive AR; nontoxigenic P. multocida isolates do not cause this disease and are considered commensal flora of the upper respiratory tract of pigs. Toxigenic and nontoxigenic P. multocida isolates do not differ in diagnostic biochemical reactions or morphology. 15 Therefore, a more rapid, accurate detection assay is needed for sound decisions regarding diag-nosis and treatment, and to prevent the spread of this disease.
Toxigenic strains in pigs are usually detected by isolation of P. multocida from primary cultures of nasal or tonsillar swab specimens on selective agar. 2, 13, 17, 26 Isolates are then tested for the production of DNT. To differentiate toxigenic and nontoxigenic strains, both in vitro and in vivo diagnostic methods have been used, including enzyme-linked immunosorbent assay (ELISA), 4, 7, 8, 16, 23, 29 polymerase chain reaction (PCR), 4, 11, 15, 17 guinea pig skin test, 5,7 mouse lethality test, 7, 15, 21 and tissue cell culture in various cell lines, such as Vero cells 19 and embryonic bovine lung (EBL) cells. 9, 25, 28 The objective of the present investigation was to compare the techniques of PCR, ELISA and cell culture to evaluate the occurrence of DNT-producing strains of P. multocida and to validate the cell culture test using fetal lung feline (FLF) cells.
Materials and methods
Bacterial strains and culture conditions. A total of 132 field isolates of P. multocida were tested; 56 strains were obtained from 312 nasal swabs from pigs on farms affected with clinical AR (group 1) and 76 strains were from an archived collection (group 2). The swabs were streaked on blood agar plates (BAP) containing 2.5 g/ml lincomycin, a 2.5 g/ml bacitracin, a and 2.5 g/ml neomycin sulphate. a The swabs were then placed into tubes containing 4 ml of brain-heart infusion b (BHI) broth with the same antibiotics and inoculated by the dilution method. 22 Both plates and tubes were then incubated for 24 hr at 37 C. After incubation, the last dilution that showed growth was plated on blood agar without antibiotics and incubated for 24 hr at 37 C. Suspect colonies were subcultured, and their identification was attempted. Gram staining, oxidase, catalase, and indole production, motility, growth in MacConkey agar, and fermentation of mannitol were evaluated. 3 Isolates that were gram-negative rods and catalase, oxidase, and indole positive, that fermented mannitol, that were non-motile, and that did not grow in MacConkey were considered to be P. multocida. The strains from group 2 were recovered with BHI broth and later inoculated on BAP.
Capsular serotyping. Group 1 and group 2 P. multocida isolates were classified as serotype A or serotype non-A. Capsular serotyping was performed by a previously described method. 24 Type A strains were characterized by inhibition of capsule formation by the enzyme hyaluronidase. The P. multocida isolates were streaked on BAP, and 3 filter paper discs were placed on the plate. Twenty-five microliters of the filtered enzyme (8,400 U/ml) were added to the paper discs and incubated overnight. Type A strains showed a zone with smaller colonies around the paper disc that corresponded to inhibition of capsule formation. Strains negative for this test were considered non-A strains.
PCR. DNA was extracted from the first dilution tube that contained the swab (DNA pool) and from the pure strains isolated from these swabs. DNA was also extracted from the group 2 strains after inoculation on BHI broth and incubation overnight. DNA was extracted by the phenol/chloroform method, first using heat lysis (10 min, 95 C) followed by phenol : chloroform : isoamyl alcohol a (25:24:1) and finally chloroform : isoamyl alcohol a (24:1). DNA was precipitated using sodium acetate (pH 5.2), ethanol, and immersion in ice for 20 min. After centrifugation, the DNA pellet was washed with 70% ethanol, dried, and resuspended in 35 l of double distilled water.
Detection of the ToxA gene was attempted using PCR. Assays were run with 2-l aliquots of template DNA in 25-l reaction volumes. Commercial Taq polymerase with reaction buffers, nucleotides c (0.4 mM), and commercially synthesized primers (0.2 mM) were used. These oligonucleotide primers were designed 15 to amplify an 846-mer segment of the ToxA gene between nucleotides 2,096 and 2,042. The forward primer was 5ЈCTTAGATGAGCGACAAGG3Ј, and the reverse primer was 5ЈGAATGCCACACCTCTA-TAG3Ј. DNA template amplification conditions designed for the primers and short double-stranded DNA amplification were run for 30 cycles of denaturation at 94 C for 30 sec, annealing at 55 C for 90 sec, and extension at 72 C for 120 sec using a thermocycler. d The amplicon was routinely resolved with ethidium bromide stain in 1% agarose gels that were later photographed. e ELISA. The second in vitro assay was a commercial ELI-SA. f This ELISA is a double-antibody sandwich ELISA, with monoclonal antibody CVI-PmDNT-Ig 12 as the capture antibody, a polyclonal rabbit anti-DNT-Ig conjugated with horseradish peroxidase 12 as detecting antibody, and hydrogen peroxide plus 3,3Ј,5,5Ј-tetramethylbenzidine as substrate chromogen. The P. multocida strains were incubated on BAP at 37 C overnight. Following incubation, all colonies on the plate were harvested and tested for DNT production with this commercial kit according to the manufacturer's instructions. The manufacturer's recommendations were followed to assay production of the toxin from mixed and pure cultures.
Cell culture. For the toxin extraction, all strains were inoculated on BAP and incubated for 24 hr at 37 C. Samples were harvested directly from the agar using 4 ml of phosphate-buffered saline. The suspensions were treated by sonication g for 75 sec, centrifuged (10 min, 5,000 rpm), and filtered through a sterile 0.22-m-pore membrane filter. 18, 19 The toxins were kept frozen at Ϫ20 C until use.
The FLF cell (FLF/Fc2Lu ATCC CCL 217) monolayers were grown in 24-well tissue culture plates with flat bottoms, using Eagle's minimal essential medium containing 10% fetal calf serum and antibiotics. Two hundred microliters of each crude P. multocida test preparation was added to duplicate wells. Positive and negative controls were included in each plate. After 20 min of inoculation of the crude toxin extract, 1 ml of Eagle's minimal essential medium was added to avoid desiccation. The cell cultures were then incubated for a maximum of 4 days in a humidified atmosphere with 5% CO 2 . Cell morphology and cytopathic effects were observed daily with an inverted microscope. h Cytopathic effects characterized by rounding of cells, kariorexis, and syncitial formation were considered positive. Samples from appropriate uninoculated and sham inoculated (with culture medium) control pigs were included in each plate. A positive control was also included in each plate.
Results
Results from the 56, group 1 field isolates of P. multocida can be seen in Table 1 . Group 1 had 35 (62.5%) serotype A strains and 21 (37.5%) non-A strains. From the original mixed cultures (DNA pool), 7 samples were positive with PCR. Five purified field strains, all serotype A, were also positive with PCR. However, bands visualized with the transiluminator in all of these cases were very faint. The 7 positive samples from the original mixed cultures tested negative with PCR performed on isolates of these cultures. Also, the 5 PCR-positive purified isolates originated from mixed cultures that were negative with this test. All 56 strains were negative in both the ELISA test and the FLF cell culture tests. PCR bands can be seen in Fig. 1 .
Results from the 76 group 2 archived strains can be seen in Table 2 . In this group, 46 (60.5%) strains were serotype A and 30 (39.5%) were serotype non-A, presumably serotype D. The PCR revealed 3 serotype A strains and 18 serotype non-A strains as positive. The serotype A strains were negative by both ELISA and cell culture tests, but the PCR bands again were very faint. In the serotype non-A strains, 4 PCR-positive strains (faint bands) were negative in ELISA and cell culture, and the rest (14 strains) were positive by PCR (strong bands), ELISA, and cell culture.
Discussion
The results of this study suggest that is difficult to reliably isolate P. multocida from nasal swabs in selective medium (56 strains from 312 swabs: 17.9%), as has been previously reported, 11, 14, 16 because these cultures are frequently overgrown by contaminants.
In group 1, serotype A strains (62.5%) predominated over non-A strains (37.5%). Swab samples were randomly taken from affected farms, but the sampled pigs did not necessarily show clinical signs of AR, in which case the proportionally larger isolation of serotype A strains is not unexpected. Even though these samples were taken from herds with clinical signs of AR, the etiology could never be confirmed as toxigenic P. multocida. Extensive growth of Bordetella bronchiseptica was obtained from turbinates of some necropsied pigs, which suggests that this agent might be the possible cause of the severe rhinitis. This report is in accordance with other field observations, in which severe clinical AR could not always be associated to toxigenic P. multocida and only cultures of B. bronchiseptica were isolated. 10 In group 1, the PCR test was positive for 7 mixed cultures, but the bands resolved were very faint. This result could be due to a small number of positive bacteria in the mixed culture, resulting in less efficient amplification; 10 3 -10 4 bacteria/reaction are needed for a strong positive test result. 15 However, all strains isolated from these mixed cultures were serotype A and were negative in the other tests (ELISA, cell culture). The appearance of these faint PCR bands in mixed cultures remains unexplained. The fact that purified colonies obtained from these mixed cultures were negative could be due to missing the positive colonies from the original plate, particularly if these are very low in number. Alternatively, the PCR might be giving false-positive reactions, amplifying DNA segments from other organisms found in the mix. Also, the faint bands may represent contamination of the samples from positive DNA, a not uncommon problem with the PCR technique. The presence of these faint bands is probably not due to assay techniques or stringency of the assay, because these parameters remained standard throughout the study. Likewise, PCR gave faint bands in 5 serotype A pure strains that could not be confirmed by ELISA or FLF cell culture. These faint bands were not due to differences in the amount of DNA loaded into the PCR reaction because this amount was standardized prior to the assay.
In group 2, the 14 PCR-positive strains with strong bands were also positive in both the ELISA and cell culture. These strains were all serotype D. The ELISA test was positive in strains of serotype D and the results were in complete agreement with those of the PCR test when strong bands were present and with cell culture, as has been previously reported. 8, 11, 16 Different cell cultures have been proposed for detection of toxin-producing porcine P. multocida strains: Vero cells, 6, 19 EBL, 1, 7, 9, 16, 20 osteoblastic cells, 27 and bovine embryonic turbinate cells. 6 FLF cells are more sensitive than Vero cells 28, 30 (personal observations). However these cells have not been validated with other tests for the detection of toxin. FLF cells are easy to grow, can be cultured quickly in large quantities, and require little maintenance. With these cells, it was possible to detect toxin-producing P. multocida strains within 2 days. This is the first report on the use of FLF cells to evaluate toxigenicity of P. multocida. There was close agreement among results from PCR (strong bands), ELISA, and the FLF cells (14 positive strains and 62 negative in the 3 tests), indicating that FLF cells are useful for toxin detection.
In summary, the 3 tests studied, PCR, ELISA, and FLF cells, were all useful, but the results of PCR from mixed cultures, when only faint bands were observed, were difficult to interpret. Currently, only strong bands can be considered as positive results. There was complete agreement among PCR (strong bands), ELISA, and FLF cell culture tests for the detection of toxigenic Pasteurella multocida. Therefore, the selection of a particular test should be based on availability and cost.
